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Summary.-The effect ofbracken on the induction oftumours oftheupper alimentary
tract by N-propyl-N-nitrosourethan (PNU) was studied in 7-week-old ACI rats.
Group I received a solution of400 pts/106 of PNU in their drinking water for 6 weeks;
Groups II and III were given PNU as in Group I, and then from 1 week later were
fed on diets containing 5 and 300% bracken, respectively, for 33 weeks; Groups IV
and V were fed on diets containing 5 and 300/O bracken, respectively, for 33 weeks,
from 14 weeks after birth. A control group was given basal diet and water only.
The experiment was terminated after 40 weeks.
The induction of tumours of the upper alimentary tract by PNU was enhanced by
bracken diet; i.e. the incidence of pharyngeal tumours in male rats was significantly
higher (P<0.025) in Group 11(10/13) than in Group I (3/13). The incidence and multi-
plicity of oesophageal tumours in female rats were also higher in Group III than in
Group I (P<0 025 for incidence; P<0 05 for multiplicity). Histologically, the oeso-
phageal tumours in female rats in Groups II and III were not only papillomas but
also squamous-cell carcinomas, whereas those in females of Group I were all papil-
lomas. Furthermore, the incidence of tumours of the forestomach in female rats was
also higher (P<0 05) in Group 11 (11/13) than in Group I (4/12).
THE CARCINOGENICITY of bracken was
most clearly demonstrated in the experi-
ments of Evans & Mason (1965), who first
found that multiple intestinal adenocar-
cinomas developed in rats fed bracken
diet. Subsequently this was confirmed by
Pamukcu & Price (1969) and by us
(Hirono et al., 1970, 1973). In Japan,
young bracken fronds in the fiddlehead or
crosier stage ofgrowth are used as human
food after their astringent taste has been
removed with boiling water containing
wood ash or sodium bicarbonate. This
treatment has been shown greatly to
reduce the carcinogenicity of bracken
(Hirono et al., 1972).
In Japan, the mountainous regions on
the borders of Nara, Wakayama, and Mie
prefectures are known to be endemic areas
of cancer of the oesophagus. Kamon and
Hirayama (1975) and Hirayama (1979)
showed that daily intake of bracken
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significantly enhanced the risk of oeso-
phageal cancer in these areas, particularly
when combined with daily intake of hot
tea gruel. Jarrett et al. (1978) reported a
high incidence ofsquamous-cell carcinoma
of the upper alimentary tract in cattle in
Highland areas of Scotland and northern
England. They presented evidence that
this is associated with the presence of
bracken, and that many carcinomas arise
from pre-existing virus-induced papil-
lomas, which occur in greater numbers in
animals on the Highland farms than on
Lowland farms. A high incidence of
tumours of the upper alimentary tract in
cattle was also found in regions where
bracken grows in Brazil (Dobereiner et al.,
1967; Neto et al., 1975). On the basis of
these epidemiological findings, the role of
bracken in induction of tumours of the
upper alimentary tract was studied in rats
treated with N-propyl-N-nitrosourethanI. HIRONO, S. HOSAKA AND K. KUHARA
(PNU), which was previously shown to be
carcinogenic by Maekawa et al. (1976).
MATERIALS AND METHODS
Animals and treatments.-Inbred strain
ACI rats 7 of weeks old were divided into 6
groups. The sexes and initial numbers of rats
in each group are shown in Table I. Group I
was given a solution of 400 pts/106 of PNU
(Izumi Chemical Co., Inc., Yokohama, Japan)
in distilled water to drink for 6 weeks. Groups
II and III were also given a solution of PNU
for 6 weeks, as in Group I, and then from 1
week later they were fed on diets containing
5 and 30O% bracken, respectively, until the
end of the experiment. Groups IV and V
were given 5 and 30%0 bracken diets, respec-
tively, from 14 weeks after birth. The control
group was not given PNU or bracken. Rats
were fed basal diet CE-2 (CLEA Japan Inc.,
Tokyo, Japan) except during periods on
bracken diet. The composition of the basal
diet was as described previously (Hirono
et al., 1977). Water was given ad libitum when
PNU solution was not beinggiven. Theexperi-
ment was stopped after 40 weeks.
Bracken.-The bracken used in this study
was collected in Hokkaido, in the northern
part of Japan, in June. It was in the early
stage of maturation, i.e. the tips of the fronds
were still curled. The fresh bracken was dried
at room temperature with a blower, ground
and added in appropriate amounts to basal
diet. All animals were necropsied when they
died, or when they were killed either in a
moribund condition during the experiment or
at the end of the experiment. Tissues were
fixed in 10% formalin, sectioned and stained
with haematoxylin and eosin.
RESULTS
The mean survival times of rats in each
group are shown in Table I. Most rats in
Group I, which received a PNU solution
for 6 weeks, survived for more than 28
weeks, and 8 males and 1I females
survived until the end of the experiment.
Rats in Group II, given PNU and 5%
bracken diet, showed a similar survival
rate to those in Group I. Rats in Group III
survived for significantly less time than
those in Groups I (P < 0 01 for males,
P < 0 001 for females) and II (P < 0 05 for
males, P < 0 01 for females). In Group IV,
given 5% bracken diet only, rats tended to
survive for longer than those in Group II
(P < 0 01 for males, P > 0-05 for females). A
more significant difference in survival time
was found between Groups V and III
(P < 0 001 for males, P < 001 for females).
The incidences and histological types of
tumours in each group are summarized in
Table I. Tumours of the tongue developed
in various incidences in all experimental
groups. The incidence of pharyngeal tum-
ours induced by PNU tended to be
increased by bracken diet. This increase
was most marked in male rats (10/13) in
Group II, in which the incidence was
significantly different (P < 0025) from
that in males (3/13) in Group I. The
incidence and multiplicity of oesophageal
tumours in female rats induced by PNU
(Group I) tended to be increased by the
administration of bracken diet, especially
in Group III (P < 0025 for incidence;
P < 0 05 for multiplicity, Table II).
Histologically, all the oesophageal turm-
ours in female rats in Group I were
papillomas, whereas squamous-cell car-
cinomas were also induced in most females
in Groups II (7/1 3) and III (8/13) and one,
in an animal in Group III, metastasized to
the lymph nodes of the neck. The
incidences of these squamous-cell carcino-
mas of the oeophagus in female rats were
significantly higher in Group II (P < 0 02)
and Group III (P < 0 01) than in Group I.
The incidence of tumours of the fore-
stomach induced by PNU was also
increased by administration of bracken,
and a significant difference was found
between the incidences in female rats in
Group 1 (4/12) and Group II (11/13)
(P < 0.05). Furthermore, although all tum-
ours of the forestomach in females in
Group I were papillomas, squamous-cell
carcinomas were also induced in 5 females
in Group II.
Rats in Groups IV and V, given bracken
diet but not PNU, hadl a high incidence of
jejunal and ileal tumours. Particularly, the
incidence of adenocarcinoma in Groups IV
and V was higher than that in Groups II
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TABLE II.-Frequency ofsingle and multiple primary tumours
of the oesophaqus and intestine
Oesophagus Intestine
Group
I M
F
II M
F
III M
F
IV M
F
V M
Total
no. of
primary
tumours
24
13
15
18
25
44
0
0
0
Total
no. of
rats
13
12
13
13
12
13
13
13
12
Tumourslrat
1 8+1-5
1.1+1.4
1-2+0*9
1 4+1-1
2*0+1.8
34+3*1 P<0-05
(vs Group T, F)
F 3 13 0 2+0.4
and III (P < 0 001 for males, P < 0-02 for
females). Although there was no signifi-
cant difference between the incidences of
intestinal tumours in Groups IV and V,
the multiplicity of tumours in Group V
was higher than that in Group IV, in both
sexes (P < 0.01) (Table II). All the intes-
tinal tumours induced by PNU alone were
duodenal adenocarcinomas. A few duo-
denal tumours also developed in groups
given bracken diet after PNU, but none
were found in Groups IV and V, given a
bracken diet only. Rats in all groups which
were given a bracken diet (with or without
PNU) had urinary-bladder tumours. These
bladder tumours were classified into papil-
loma and carcinoma according to growth
patternandhistology asdescribedbyHicks
etal. (1976). Inbothmalesandfemalesthey
were more frequent in Group V than in
Group IV (P < 0.005). All tumours of the
urinary bladder in Group IV were papil-
lomas, but carcinomas were frequent in
Group V. Furthermore, the bladder tum-
ours in Groups IV and V were more
frequently malignant than those in Groups
II and III (P < 0 05 for females, P > 0 05
for males). In Group V, tumours were also
developed in the tongue, pharynx, oeso-
phagus, and forestomach. The tumours in
these organs were all papillomas, except
for 1 squamous-cell carcinoma of the
Total
no. of
primary
tumours
4
0
30
15
61
64
Total
no. of
rats
13
12
13
13
12
13
Tumours/rat
0 3+0 5
0
2 3+1 9
1-2+2-0
5-1+4-3
4 9+4 9
79 13 6-0+44
47 13 3 6+3 9
188 12 15-7+8-6P<0-01
(VS. Group IV, M)
146 13 11-2+6-0P<0-01
(VS Group IV, F)
pharynx. In the control group, 1 animal
developed an adrenal cortical adenoma
and 1 developed a testicular interstitial
cell tumour.
DISCUSSION
The incidence ofoesophageal tumours in
female rats in Group III, given a 30%
bracken diet after PNU, was significantly
higher than that in females in Group I,
given only PNU in the drinking water.
Moreover, histologically all the tumours in
Group I were papillomas, whereas squam-
ous-cell carcinomas were also found in
Group III. Squamous-cell carcinomas of
the oeophagus were induced in female rats
even by only 5% bracken diet after PNU.
People living in the mountainous regions
on the borders of Nara, Wakayama, and
Mie prefectures in Japan are known to
have high incidences of oesophageal can-
cer. In an epidemiological study, Kamon &
Hirayama (Kamon & Hirayama, 1975;
Hirayama, 1979) found that daily intake
of bracken significantly enhanced the risk
of oesophageal cancer in these areas,
particularly when combined with daily
intake ofhot tea gruel. The present results
showed that consecutive ingestion of
bracken enhances the induction of oeso-
phageal cancer. Jarrett et al. (1978)
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reported that cattle in Highland areas of
Scotland and northern England are sub-
stantially more prone to squamous-cell
carcinomas of the upper alimentary tract
than cattle in neighbouring Lowlands, and
they obtained epidemiological evidence
that this was associated with the ingestion
of bracken, which transformed pre-exist-
ing virus-induced papillomas to squamous-
cell carcinomas. The surveys by
Dobereiner et al. (1967) and Neto et al.
(1975) on cattle in Brazil also indicated an
association ofbracken with the occurrence
of squamous-cell carcinoma of the upper
alimentary tract. The present results
support these epidemiological findings.
Rats in Group V, given a 30% bracken
diet without PNU, had papillomas of the
tongue, pharynx, oesophagus and fore-
stomach, and 1 rat also had squamous-cell
carcinoma ofthe pharynx. Thus, it may be
probable that papilloma and squamous-
cell carcinoma of the upper alimentary
tract in cattle are induced even by
consecutive ingestion of bracken alone.
As to the mechanism by which bracken
diet enhanced the induction of tumours of
the upper alimentary tract in the present
study, it is unknown whether bracken
acted as a syncarcinogenic substance or a
promoter, because the nature of the
carcinogen in bracken is still unknown.
The incidences of malignant tumours of
the intestine and urinary bladder in
Groups IV and V were higher than that in
Groups II and III. It was assumed that
these differences are probably due to the
longer survival of the rats in Groups IV
and V.
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